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(57) ABSTRACT 

A slit noZZle includes a solution feeding mechanism having 
an elastic element and a plurality of piezoelectric devices 
and embedded in a side surface of a How passage near a slit 
in the slit noZZle. Control is effected so that the piezoelectric 
devices are vibrated to cause the elastic element to produce 
traveling Waves toWard the slit. A resist solution serving as 
a processing solution is pumped by the traveling Waves, 
thereby to be discharged through the slit toWard a substrate. 
This provides a substrate processing apparatus capable of 
smoothly discharging the processing solution to accomplish 
high discharge accuracy. 
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SUBSTRATE PROCESSING APPARATUS AND SLIT 
NOZZLE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a technique for a 
substrate processing apparatus. More particularly, the inven 
tion relates to a technique for a slit noZZle for discharging a 
predetermined processing solution toWard substrates such as 
a glass substrate for manufacturing a ?at-panel display. 

[0003] 2. Description of the Background Art 

[0004] The trend in application of a processing solution to 
a substrate is toWard the populariZation of scan coating 
Which carries out scanning using a slit noZZle for discharging 
the processing solution to apply the processing solution to a 
predetermined position on the substrate. 

[0005] Some apparatuses Which carry out the scan coating 
comprise a supply pump provided in the slit noZZle and 
mechanically operative to feed a processing solution, 
thereby discharging the processing solution from a slit at the 
tip of the noZZle during the scanning operation. 

[0006] HoWever, because of the mechanical operation of 
the supply pump to feed the processing solution, the con 
ventional apparatuses having the pump in the slit noZZle 
produce a pulsing stream of the processing solution being 
discharged, Which impairs the uniform discharge of the 
processing solution. Other problems With the conventional 
apparatuses are as folloWs. Adistance prone to be long from 
the supply pump to a tapered discharge port causes poor 
discharging responsivity. It is difficult to uniformly dis 
charge the solution from a discharge port having the shape 
of an elongated slit even if there are provided a plurality of 
supply ports of the solution to the noZZle. The discharge 
uniformity depends on the ?nishing accuracy of the noZZle, 
and the ?nishing accuracy is not adjustable. 

SUMMARY OF THE INVENTION 

[0007] The present invention is intended for a technique 
for a substrate processing apparatus. More particularly, the 
invention is intended for a technique for a slit noZZle for 
discharging a predetermined processing solution toWard 
substrates such as a glass substrate for manufacturing a 
?at-panel display. 

[0008] According to the present invention, the substrate 
processing apparatus comprises: a holding table for holding 
a substrate; a bridging structure to Which a slit noZZle for 
discharging a predetermined processing solution is attached, 
the bridging structure being provided to span across a 
surface of the holding table; and a moving mechanism for 
moving the bridging structure along a surface of the sub 
strate held by the holding table, the slit noZZle including a 
liquid feeding element for feeding the processing solution in 
a predetermined direction by using a Wave phenomenon, 
Wherein While the bridging structure is moved along the 
surface of the substrate, the slit noZZle scans the surface of 
the substrate to form a layer of the processing solution on the 
surface of the substrate. 

[0009] The present invention is also intended for a slit 
noZZle for forming a layer of the processing solution on a 
surface of a substrate. The slit noZZle comprises: a liquid 
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feeding element for feeding a predetermined processing 
solution in a predetermined direction by using a Wave 
phenomenon; and a slit for discharging the processing 
solution therethrough. 

[0010] This alloWs smooth discharge of the processing 
solution to accomplish high discharge accuracy. 

[0011] The provision of the liquid feeding element near 
the slit in the slit noZZle ensures high responsivity to 
accomplish higher discharge accuracy. 

[0012] Preferably, the slit noZZle further comprises a How 
rate control element for controlling the How rate of the 
processing solution fed in the predetermined direction by the 
liquid feeding element. The How rate control is effected so 
as to compensate for the ?nishing accuracy, if someWhat 
loW, of the members constituting the slit noZZle to alloW the 
use of such members, thereby ensuring a margin of the 
?nishing accuracy of the slit noZZle. This accomplishes high 
discharge accuracy Without the need for manual ?ne adjust 
ment. 

[0013] The How rate control element controls the How rate 
of the processing solution individually in each of a plurality 
of positions along the slit in the slit noZZle. This compen 
sates for variations in How rate of the processing solution 
When vieWed in the longitudinal direction of the slit, to 
accomplish smooth discharge of the processing solution. 

[0014] It is therefore an object of the present invention to 
provide a substrate processing apparatus and a slit noZZle 
capable of smoothly discharging a processing solution to 
accomplish high discharge accuracy. 

[0015] These and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic perspective vieW of a sub 
strate processing apparatus according to a ?rst preferred 
embodiment of the present invention; 

[0017] FIG. 2 is a top plan vieW of a main body of the 
substrate processing apparatus; 

[0018] 
[0019] 
[0020] FIG. 5 is a structural vieW, in section, of a slit 
noZZle in the substrate processing apparatus according to the 
?rst preferred embodiment; 

[0021] FIG. 6 is a sectional vieW of the slit noZZle taken 
along the line VI-VI of FIG. 5 in the substrate processing 
apparatus according to the ?rst preferred embodiment; 

FIG. 3 is a front vieW of the main body; 

FIG. 4 is a side vieW of the main body; 

[0022] FIG. 7 is a structural vieW, in section, of the slit 
noZZle in the substrate processing apparatus according to a 
second preferred embodiment of the present invention; 

[0023] FIG. 8 is a structural vieW, in section, of the slit 
noZZle in the substrate processing apparatus according to a 
third preferred embodiment of the present invention; and 

[0024] FIG. 9 is a sectional vieW of the slit noZZle 
according to a modi?cation of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] FIG. 1 is a schematic perspective vieW of a sub 
strate processing apparatus 1 according to a ?rst preferred 
embodiment of the present invention. FIG. 2 is a top plan 
vieW of a main body 2 of the substrate processing apparatus 
1. FIGS. 3 and 4 are front and side vieWs, respectively, of 
the main body 2. 

[0026] The substrate processing apparatus 1 is generally 
comprised of the main body 2 and a control system 6. A 
substrate 90 to be processed by the substrate processing 
apparatus 1 is a rectangular glass substrate for manufacture 
of a screen panel of a liquid crystal display device. The 
substrate processing apparatus 1 is constructed as a coater 
for applying a resist solution to the surface of the substrate 
90 in the process of selectively etching an electrode layer 
and the like formed on the surface of the substrate 90. In this 
preferred embodiment, a slit noZZle 41 is designed to dis 
charge the resist solution. It should be noted that the 
substrate processing apparatus 1 may be generally used in a 
modi?ed form as an apparatus for applying processing 
solutions (liquid chemicals) to various substrates for ?at 
panel displays. 

[0027] The main body 2 includes a stage 3 functioning as 
a holding table for placing and holding the substrate 90 to be 
processed thereon and as a base for attached mechanisms. 
The stage 3 is made out of stone and has the unitary shape 
of a rectangular parallelepiped. The stage 3 has a top surface 
(or a holding surface 30) and side surfaces all of Which are 
Worked into ?at surfaces. 

[0028] The top surface of the stage 3 is horiZontal and 
serves as the holding surface 30 for the substrate 90. The 
holding surface 30 is formed With a multiplicity of vacuum 
suction holes distributed therein for attaching the substrate 
90 to the holding surface 30 by vacuum suction to hold the 
substrate 90 in a predetermined horiZontal position during 
the processing of the substrate 90 in the substrate processing 
apparatus 1. 

[0029] A pair of parallel running rails 31a extending 
substantially horiZontally are provided in a ?xed condition 
on opposite sides of the holding surface 30 in such a manner 
that a substrate holding area (an area in Which the substrate 
90 is held) of the holding surface 30 lie therebetWeen. The 
pair of running rails 31a, in conjunction With support blocks 
31b provided in a ?xed condition on opposite ends of a 
bridging structure 4, constitute a linear guide for guiding the 
movement of the bridging structure 4 (or limiting the 
direction of movement of the bridging structure 4 to a 
predetermined direction) and for supporting the bridging 
structure 4 over the holding surface 30. 

[0030] The bridging structure 4 is provided over the stage 
3 so as to substantially horiZontally span the distance 
betWeen opposite sides of the stage 3. The bridging structure 
4 mainly comprises a noZZle support portion 40 made of 
carbon ?ber resin, and lifting mechanisms 43 and 44 Which 
support the opposite ends of the noZZle support portion 40. 

[0031] The slit noZZle 41 and gap sensors 42 are attached 
to the noZZle support portion 40, as shoWn in FIG. 3. 

[0032] Apipe and a resist pump 70 (to be described later 
With reference to FIG. 5) for supplying the liquid chemicals 
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to the slit noZZle 41, and a phase converter 81 (to be 
described later With reference to FIG. 5) are connected to 
the slit noZZle 41 extending horiZontally in the Y direction. 
The slit noZZle 41 is supplied With the resist solution by the 
resist pump 70 and scans the surface of the substrate 90, 
thereby to discharge the resist solution to a predetermined 
region (referred to hereinafter as a “resist receiving region”) 
on the surface of the substrate 90. 

[0033] The gap sensors 42 are attached to the noZZle 
support portion 40 so as to be near the slit noZZle 41, and 
detects a vertical difference (or a gap) betWeen themselves 
and their underlying object (e.g., the surface of the substrate 
90 or the surface of a resist ?lm) to transmit a result of 
detection to the control system 6. 

[0034] Such attachment of the slit noZZle 41 and the gap 
sensors 42 to the noZZle support portion 40 provides a ?xed 
relative positional relationship therebetWeen. This alloWs 
the control system 6 to detect the distance betWeen the 
surface of the substrate 90 and the slit noZZle 41 based on the 
result of detection from the gap sensors 42. 

[0035] The lifting mechanisms 43 and 44 are provided 
separately on opposite ends of the slit noZZle 41 and are 
coupled to the slit noZZle 41 by the noZZle support portion 
40. The lifting mechanisms 43 and 44 are used to cause the 
slit noZZle 41 to make upWard and doWnWard translational 
movements and to adjust the posture of the slit noZZle 41 in 
the Y-Z plane. 

[0036] A pair of AC coreless linear motors (referred to 
simply as “linear motors” hereinafter) 50, 51 are provided in 
a ?xed condition on the opposite ends of the bridging 
structure 4 and are separately disposed along the opposite 
side edges of the stage 3. 

[0037] The linear motor 50 includes a stator 50a and a 
moving element 50b, and generates a driving force for 
moving the bridging structure 4 in the X direction by means 
of the electromagnetic interaction betWeen the stator 50a 
and the moving element 50b. The amount and direction of 
the movement by the linear motor 50 are controllable by a 
control signal from the control system 6. The linear motor 51 
is generally similar in function and construction to the linear 
motor 50. 

[0038] Each linear encoder 52 and 53 includes a scale 
portion and a detector (not shoWn), and detects a relative 
positional relationship betWeen the scale portion and the 
detector to transmit a result of detection to the control 
system 6. The detectors of the respective linear encoders 52 
and 53 are provided in a ?xed condition on the opposite ends 
of the bridging structure 4, and the linear encoders 52 and 53 
detect the position of the bridging structure 4. 

[0039] The control system 6 is connected to the mecha 
nisms attached to the main body 2 by cables not shoWn. 
Based on signals from a console part 62 and various sensors, 
the control system 6 controls the stage 3, the bridging 
structure 4, the lifting mechanisms 43, 44, the linear motors 
50, 51, and other components such as the resist pump 70, a 
poWer supply 80 to pieZoelectric devices and the phase 
converter 81 Which Will be described later With reference to 
FIG. 5. 

[0040] A storage part 61 used herein includes a RAM for 
temporarily storing data therein, a ROM (read-only 
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memory), a magnetic disk device and the like. The storage 
part 61 may be a storage medium such as a portable 
magneto-optical disk and a memory card, or a device for 
reading such a storage medium. The console part 62 includes 
buttons and sWitches (including a keyboard and a mouse). 
The console part 62 may be a part Which additionally has the 
function of a display part 63, such as a touch panel display. 
The display part 63 includes a liquid crystal display and 
various lamps. 

[0041] Description Will be given on the construction of the 
slit noZZle 41 in the substrate processing apparatus 1 accord 
ing to the ?rst preferred embodiment of the present inven 
tion. 

[0042] FIG. 5 is a structural vieW, in section, of the slit 
noZZle 41 in the substrate processing apparatus 1 according 
to the ?rst preferred embodiment of the present invention. 
FIG. 6 is a sectional vieW of the slit noZZle 41 taken along 
the line VI-VI of FIG. 5 in the substrate processing appa 
ratus 1 according to the ?rst preferred embodiment. 

[0043] The slit noZZle 41 comprises a solution feeding 
mechanism 410 serving as a liquid feeding element for 
feeding a resist solution serving as a processing solution in 
a predetermined direction by using Wave phenomena (more 
speci?cally, Wall surface Wave phenomena at surfaces 
extending along a How passage 41a of the processing 
solution). The solution feeding mechanism 410 is provided 
near a slit 41b (discharge hole) in the slit noZZle 41 and is 
embedded in opposed side surfaces of respective side sur 
face members 414a and 414b. Thus, exposed surfaces of the 
solution feeding mechanism 410 in the side surface mem 
bers 414a and 414b constitute gap de?ning surfaces Which 
de?ne a gap (the How passage 41a) betWeen the side surface 
members 414a and 414b. 

[0044] The solution feeding mechanism 410 includes elas 
tic elements 411a and 411b serving as a ?exible object, and 
a plurality of pieZoelectric devices 412. The pieZoelectric 
devices are hereinafter designated by the reference numeral 
412 When they are collectively referred to, and are desig 
nated by the reference characters 412a1, 412a2, . . . , 412b1, 
412b2, . . . When they are individually referred to. 

[0045] As shoWn in FIG. 6, the elastic element 411a 
extends along the entire length of the slit 41b (in the Y 
direction), and a plurality of pieZoelectric device arrays PA1, 
PA2, . . . , PAn (although shoWn collectively as pieZoelectric 

device arrays PA in FIG. 5) each including the plurality of 
pieZoelectric devices 412a1, 412a2, . . . arranged in the Z 
direction are arranged in alignment along the entire length of 
the slit 41b so as to be provided in a laminar form on the 
elastic element 411a. That is, n pieZoelectric device arrays 
PA of the solution feeding mechanism 410 are disposed 
along the slit 41b (Where n is a natural number). The material 
of the elastic elements 411a and 411b may be ?uororesin, 
metal or the like. 

[0046] Although only four pieZoelectric devices 412a1 to 
412a4 or 412b1 to 412b4 are shoWn in each pieZoelectric 
device array PA in a simpli?ed form in FIG. 5, each 
pieZoelectric device array PA actually includes more pieZo 
electric devices 412. 

[0047] TWo chambers (?rst and second chambers 41c and 
41d) are provided in the slit noZZle 41. The ?rst chamber 41c 
is provided at a connection betWeen the How passage 41a 
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communicating With the slit 41b and provided With the 
solution feeding mechanism 410 and a pipe 416 from the 
resist pump 70. The ?rst chamber 41c functions as a buffer 
for the resist solution fed from the resist pump 70 Which is 
a metering pump provided outside the slit noZZle 41, and 
stabiliZes the amount of the resist solution fed to the How 
passage 41a toWard the slit 41b. 

[0048] The second chamber 41d is provided betWeen the 
slit 41b and the solution feeding mechanism 410 of the How 
passage 41a communicating With the slit 41b, and particu 
larly near the solution feeding mechanism 410. The second 
chamber 41d functions as a resist solution buffer for can 
celing the pulsation resulting from the pumping of the resist 
solution fed by vibrations to be described later of the 
pieZoelectric devices 412, variations betWeen the pieZoelec 
tric devices 412, the in?uence of the clearance betWeen the 
pieZoelectric devices 412, and the like. 

[0049] The slit noZZle 41 comprises a shim 413 for de?n 
ing a gap. The slit noZZle 41 is constructed such that the side 
surface members 414a and 414b on opposite sides are 
bonded together With the shim 413 therebetWeen. The shim 
413 provides constant accuracy or higher of the How passage 
41a and the slit Width. 

[0050] Electrodes (not shoWn) for voltage application are 
attached to the respective pieZoelectric devices 412 and are 
electrically connected to the phase converter 81. The phase 
converter 81 is electrically connected to the poWer supply 
80, and converts the phase of the voltage supplied from the 
poWer supply 80. As discussed above, the phase converter 
81 and the poWer supply 80 are electrically connected to the 
control system 6. 

[0051] The pieZoelectric devices 412 are adapted to 
vibrate in a direction (X direction) perpendicular to the side 
surface of the How passage 41a in response to a change in 
applied voltage. In other Words, the control system 6 con 
trols the phase of the voltage applied to the pieZoelectric 
devices 412 through the phase converter 81, thereby to 
control the phase of the vibrations of the pieZoelectric 
devices 412. 

[0052] Vibrations of the pieZoelectric devices (the pieZo 
electric devices 412a1 to 412a4 and 412b1 to 412b4 
arranged in a resist solution feed direction) in the pieZoelec 
tric device arrays PA under the control of the control system 
6 deform the elastic elements 411a and 411b to produce 
Waves traveling toWard the slit 41b (in the —Z direction). 

[0053] The traveling Waves (tWo traveling Waves formed 
in the same position as seen in the Y direction among the 
traveling Waves formed in the elastic members 411a and 
411b) produced by opposed pieZoelectric device arrays PA 
on opposite side surfaces of the How passage 41a have the 
same Wavelength, the same cycle and the same amplitude, 
but are out of phase With each other by about one quarter 
Wavelength (or a phase angle of 90 degrees). Thus, the 
elastic elements 411a and 411b are controlled to make a 
so-called peristaltic motion, and the slit noZZle 41 feeds the 
resist solution in pumping fashion by using the traveling 
Waves resulting from the vibrations of the pieZoelectric 
devices 412, that is, the Wall surface Wave phenomena at the 
surfaces extending in the —Z direction. 

[0054] The Wavelength of the traveling Waves produced at 
the elastic elements 411a and 411b is determined by the 
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distance between adjacent piezoelectric devices in a pieZo 
electric device array PA (e.g., the distance betWeen the 
piezoelectric devices 412a1 and 412a2) and a phase shift of 
the vibrations of these pieZoelectric devices. Thus, the 
control system 6 can control the phase of the vibration of 
each pieZoelectric device 412 thereby to control the Wave 
length of the corresponding traveling Wave. The How rate of 
the resist solution ?oWing through the How passage 41a is 
determined by the Wavelength of the corresponding travel 
ing Wave. That is, the control system 6 can control the phase 
of the voltage applied to each pieZoelectric device 412, to 
alloW the pieZoelectric device arrays PA provided in the 
plurality of positions along the slit 41b to individually 
control the How rate of the resist solution to be fed. 

[0055] Hence, an operator can check the discharge state of 
the resist solution, and if the discharge state is nonuniform, 
the operator can control the pieZoelectric devices 412 
through the control system 6 so as to cancel the nonunifor 
mity, thereby to constantly maintain a ?xed discharge state 
of the resist solution. For instance, if nonuniform resist 
solution discharge conditions are found on the left and right 
sides, as seen in the X direction, of the slit noZZle 41, control 
is effected on the vibrations of the pieZoelectric devices 412 
to correct the How rates on the left and right sides so as to 
cancel the nonuniformity, thereby improving the uniformity 
of discharge conditions. 

[0056] In this manner, even if someWhat loW accuracy of 
manufacture of members such as the side surface members 
414a and 414b of the slit noZZle 41 causes variations in How 
rate of the resist solution discharged from the slit noZZle 41 
When vieWed in the Y direction, controlling the pieZoelectric 
devices 412 so as to compensate for the variations achieves 
the increase in the uniformity of the thickness of the ?lm 
formed on the substrate 90. The elastic elements 411a and 
411b in the slit noZZle 41 may be structured such that a 
plurality of rectangular elastic elements With the pieZoelec 
tric device arrays PA provided thereon in laminar form are 
arranged in the Y direction. 

[0057] The slit noZZle 41 further comprises vent holes 41f 
on opposite longitudinal ends of the ?rst chamber 41c, as 
shoWn in FIG. 6. In general, there is a likelihood that gases 
are present in the resist solution fed from the pipe 416. The 
gases are collected in an upper portion of the ?rst chamber 
41c and released outWardly through the vent holes 41f. This 
removes the gases present in the resist solution prior to the 
application of the resist solution to the substrate to improve 
the uniformity of the resist ?lm. Valves not shoWn may be 
provided in the vent holes 41f and be opened to vent the 
gases during standby during Which the slit noZZle 41 is not 
in use. 

[0058] The operation of the substrate processing apparatus 
1 Will noW be described. A resist coating process in the 
substrate processing apparatus 1 is commenced by an opera 
tor or a transport mechanism not shoWn transporting the 
substrate 90 to a predetermined position. The operator may 
manipulate the console part 62 to enter a command for 
commencement of the process When the transport of the 
substrate 90 is completed. 

[0059] First, the stage 3 holds the substrate 90 in a 
predetermined position on the holding surface 30 by vacuum 
suction. Then, based on a control signal from the control 
system 6, the lifting mechanisms 43 and 44 set the gap 
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sensors 42 attached to the noZZle support portion 40 at a 
predetermined vertical position (referred to hereinafter as a 
“measurement height”), and the linear motors 50 and 51 
move the bridging structure 4 in the X direction to move the 
gap sensors 42 to over the resist receiving region. The resist 
receiving region termed herein is a region of the surface of 
the substrate 90 to Which the resist solution is intended to be 
applied. Typically, the resist receiving region corresponds to 
the total area of the substrate 90 from Which a peripheral 
region extending along the edges and having a predeter 
mined Width is removed. 

[0060] Next, the gap sensors 42 measure the gap betWeen 
the surface of the substrate 90 in the resist receiving region 
and the slit noZZle 41. 

[0061] When the gap sensors 42 complete scanning in 
such a manner that the bridging structure 4 passes over the 
substrate 90 in the X direction, the control system 6 stops the 
bridging structure 4 at that position. Then, using a control 
signal based on the result of measurement from the gap 
sensors 42, the control system 6 controls the lifting mecha 
nisms 43 and 44 to move the noZZle support portion 40 in the 
Z direction, thereby adjusting the slit noZZle 41 to a proper 
posture. 

[0062] Next, the linear motors 50 and 51 move the bridg 
ing structure 4 in the —X direction to move the slit noZZle 41 
to a discharge start position. The discharge start position 
termed herein is a position in Which the slit noZZle 41 is 
situated substantially along one side of the resist receiving 
region. 

[0063] When the slit noZZle 41 is moved to the discharge 
start position, the control system 6 applies a control signal 
to the linear motors 50, 51, the resist pump 70, the poWer 
supply 80 and the phase converter 81. Based on the control 
signal, the linear motors 50, 51 move the bridging structure 
4 in the —X direction, Whereby the slit noZZle 41 scans the 
surface of the substrate 90. During the scanning by the slit 
noZZle 41, the resist pump 70 is driven to feed the resist 
solution to the slit noZZle 41. The control system 6 controls 
the poWer supply 80 and the phase converter 81 to operate 
the solution feeding mechanism 410, Whereby the slit noZZle 
41 discharges the resist solution onto the resist receiving 
region. This forms a layer of resist on the surface of the 
substrate 90. 

[0064] When the slit noZZle 41 is moved to a discharge end 
position, the control system 6 applies a control signal to the 
linear motors 50, 51, the resist pump 70, the poWer supply 
80 and the phase converter 81. Based on the control signal, 
the linear motors 50, 51, the resist pump 70 and the solution 
feeding mechanism 410 come to a halt to stop the movement 
of the bridging structure 4 in the —X direction and the 
discharge of the resist solution from the slit noZZle 41. The 
lifting mechanisms 43 and 44 move the gap sensors 42 to the 
measurement height. 

[0065] The linear motors 50 and 51 move the bridging 
structure 4 in the X direction to cause the gap sensors 42 to 
scan the resist receiving region. The gap sensors 42 measure 
the gap betWeen the resist ?lm formed on the substrate 90 
and the slit noZZle 41 to transmit the result of measurement 
to the control system 6. The control system 6 makes a 
comparison betWeen the value of the gap measured before 
the resist application (or a distance from the surface of the 
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substrate 90) and the value of the gap measured after the 
resist application (or a distance from the surface of the resist 
?lm) to calculate the thickness of the resist ?lm on the 
substrate 90, and presents the result of calculation on the 
display part 63. 

[0066] After the inspection of the resist ?lm, the stage 3 
stops attaching the substrate 90 thereto by vacuum suction. 
The operator or the transport mechanism takes the substrate 
90 aWay from the holding surface 30, and transports the 
substrate 90 to the neXt processing step. 

[0067] The above described is the substrate processing 
operation of the substrate processing apparatus 1 according 
to the ?rst preferred embodiment. 

[0068] According to the ?rst preferred embodiment of the 
present invention, as discussed above, the slit noZZle 41 has 
the solution feeding mechanism 410 (the pieZoelectric 
device arrays PA) for feeding the processing solution (resist 
solution) by using the Wave phenomena, to smoothly dis 
charge the processing solution, thereby accomplishing high 
discharge accuracy. 

[0069] The plurality of pieZoelectric device arrays PA are 
provided along the slit 41b of the slit noZZle 41, and the 
control system 6 independently controls the pieZoelectric 
device arrays PA. Thus, the control system 6 can effect 
independent ?oW rate control in the plurality of positions 
along the slit 41b. This compensates for variations in How 
rate of the resist solution When vieWed in the longitudinal 
direction of the slit 41b, to accomplish smooth discharge of 
the processing solution. 

[0070] The provision of the solution feeding mechanism 
410 near the slit 41b of the slit noZZle 41 ensures high 
responsivity. 

[0071] The conventional apparatus having the supply 
pump mechanically operative to supply the processing solu 
tion involves the need to increase the ?nishing accuracy of 
the members constituting the slit noZZle for the purpose of 
uniform discharge, and also necessitates the manual ?ne 
adjustment of the members. In the ?rst preferred embodi 
ment according to the present invention, hoWever, the con 
trol system 6 controls the vibrations of the pieZoelectric 
devices 412 to effect the ?ne ?oW rate control. The How rate 
control is effected so as to compensate for the ?nishing 
accuracy, if someWhat loW, of the members constituting the 
slit noZZle 41 to alloW the use of such members, thereby 
ensuring a margin of the ?nishing accuracy of the slit noZZle 
41. Additionally, the ?rst preferred embodiment accom 
plishes high discharge accuracy Without the need for manual 
?ne adjustment of the gap in the slit. 

[0072] Further, the control system 6 can control the 
amount of discharge from the slit noZZle 41. Therefore, 
differences betWeen apparatuses When mass-produced are 
easily eliminated by adjusting the control for each apparatus. 

[0073] In the ?rst preferred embodiment, the solution 
feeding mechanism 410 having the elastic elements 411a, 
411b and the pieZoelectric devices 412 is used as the liquid 
feeding element for feeding the resist solution by using the 
Wave phenomena. Alternatively, the liquid feeding element 
may comprise magnetostrictors provided on similar elastic 
elements and arranged in the same pattern as the pieZoelec 
tric devices 412, and magnet coils for applying a magnetic 
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?eld to the magnetostrictors, respectively, in Which case the 
phase of current fed to the magnet coils is controlled through 
the phase converter 81 by the control system 6. Such an 
arrangement also produces effects similar to those of the ?rst 
preferred embodiment. 

[0074] FIG. 7 is a structural vieW, in section, of the slit 
noZZle 41 in the substrate processing apparatus 1 according 
to a second preferred embodiment of the present invention. 
In the second preferred embodiment, components similar to 
those of the ?rst preferred embodiment are designated by the 
same reference numerals and characters as in the ?rst 
preferred embodiment. 

[0075] The slit noZZle 41 of the second preferred embodi 
ment differs from that of the ?rst preferred embodiment in 
comprising a plurality of surface acoustic Wave generating 
devices 450 (only one of Which is illustrated in FIG. 7) in 
place of the solution feeding mechanism 410 of the slit 
noZZle 41 of the ?rst preferred embodiment. The surface 
acoustic Wave generating devices 450 are provided on one of 
the gap de?ning surfaces Which are the inner side surfaces 
of the gap betWeen the side surface members 414a and 414b. 
In other Words, the surface acoustic Wave generating devices 
450 constitute the one gap de?ning surface. Speci?cally, 
each of the surface acoustic Wave generating devices 450 
eXtends along the How passage 41a from the ?rst chamber 
41c to the second chamber 41d. 

[0076] Each of the surface acoustic Wave generating 
devices 450 serving as the liquid feeding element for feeding 
the resist solution by using the Wave phenomena (Wall 
surface Wave phenomena) is structured such that interdigital 
electrodes 452 are attached to a pieZoelectric crystal surface 
451. More speci?cally, the pieZoelectric crystal surface 451 
eXtends along the How passage 41a from part of the shim 
413 Which is closer to the slit 41b to the second chamber 
41d, and the interdigital electrodes 452 are provided 
betWeen the pieZoelectric crystal surface 451 and the shim 
413. In a similar manner to the pieZoelectric device arrays 
PA of the ?rst preferred embodiment, the plurality of surface 
acoustic Wave generating devices 450 are arranged in align 
ment along the entire length of the slit 41b (in the Y 
direction). 
[0077] In such surface acoustic Wave generating devices 
450, voltage application to the interdigital electrodes 452 
generates surface acoustic Waves (SAWs or Rayleigh 
Waves). Since the surface acoustic Waves are traveling 
Waves, the resist solution in the How passage 41a is forced 
to be fed toWard the slit 41b. 

[0078] The substrate processing operation in the second 
preferred embodiment is similar to that in the ?rst preferred 
embodiment eXcept that the surface acoustic Wave generat 
ing devices 450, in place of the solution feeding mechanism 
410, feed the resist solution. 

[0079] The control system 6 controls the voltage applied 
to each of the interdigital electrodes 452 through the phase 
converter 81 (not shoWn) to thereby individually control the 
How rate in each part of the slit 41b in the slit noZZle 41 in 
a similar manner to the ?rst preferred embodiment. 

[0080] Other structures of the substrate processing appa 
ratus 1 according to the second preferred embodiment are 
similar to those according to the ?rst preferred embodiment. 
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[0081] As discussed above, the second preferred embodi 
ment uses the surface acoustic Wave generating devices 450 
as the liquid feeding element to produce effects similar to 
those of the ?rst preferred embodiment. 

[0082] FIG. 8 is a structural vieW, in section, of the slit 
noZZle 41 in the substrate processing apparatus 1 according 
to a third preferred embodiment of the present invention. In 
the third preferred embodiment, components similar to those 
of the second preferred embodiment are designated by the 
same reference numerals and characters as in the second 
preferred embodiment. 

[0083] Although the surface acoustic Wave generating 
devices 450 in the slit noZZle 41 according to the second 
preferred embodiment are provided on one of the gap 
de?ning surfaces, the surface acoustic Wave generating 
devices 450 in the slit noZZle 41 according to the third 
preferred embodiment are supported in the gap betWeen the 
side surface members 414a and 414b by a support member 
453. More speci?cally, the support member 453 is ?Xed 
betWeen the side surface members 414a and 414b of the slit 
noZZle 41 and adjacent to the opposite side of the ?rst 
chamber 41c from the How passage 41a, and a pair of 
interdigital electrodes 452 are embedded in the support 
member 453 While holding one end of the pieZoelectric 
crystal surface 451 therebetWeen. The remaining portion of 
the pieZoelectric crystal surface 451 is in the middle of the 
gap, that is, equidistant from the opposite inner surfaces of 
the How passage 41a, and eXtends along the How passage 
41a from the ?rst chamber 41c to the second chamber 41d. 

[0084] In a similar manner to the second preferred 
embodiment, the plurality of surface acoustic Wave gener 
ating devices 450 are arranged in alignment along the entire 
length of the slit 41b (in the Y direction). 

[0085] In such surface acoustic Wave generating devices 
450, voltage application to the interdigital electrodes 452 
generates surface acoustic Waves. Since the surface acoustic 
Waves are traveling Waves, the resist solution in the How 
passage 41a is forced to be fed toWard the slit 41b. The 
control system 6 controls the voltage applied to the inter 
digital electrodes 452 to thereby individually control the 
How rate in each part of the slit 41b in the slit noZZle 41 in 
a similar manner to the ?rst preferred embodiment. 

[0086] Other structures and operations of the substrate 
processing apparatus 1 according to the third preferred 
embodiment are similar to those according to the second 
preferred embodiment. 

[0087] As discussed above, the third preferred embodi 
ment uses the Wave surface Wave phenomena to produce 
effects similar to those of the second preferred embodiment. 

[0088] Additionally, the surface acoustic Wave generating 
devices 450 serving as the liquid feeding element for feeding 
the processing solution (the resist solution) by using the 
Wave phenomena are supported in the gap of the slit noZZle 
41 by the support member 453. The mounting of the liquid 
feeding element is achieved by mounting the support mem 
ber 453 to the slit noZZle 41. This facilitates the manufacture 
of the slit noZZle 41, as compared With the direct mounting 
of the liquid feeding element to the slit noZZle 41. 

[0089] FIG. 9 is a sectional vieW of the slit noZZle 41 
according to a modi?cation of the present invention. 
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Although the vent holes 41f are provided on opposite 
longitudinal ends of the ?rst chamber 41c in the above 
mentioned preferred embodiments, the slit noZZle 41 accord 
ing to the modi?cation comprises a vent hole 46a in the 
middle of a side surface member 464a, and is shaped so that 
the bottom of a shim 461 (or the top of the ?rst chamber 41c) 
is gradually raised toWard the middle thereof. This also 
removes the gases present in the resist solution as in the 
above-mentioned preferred embodiments to improve the 
uniformity of the resist ?lm formed on the substrate. Other 
structures and operations of the modi?cation are similar to 
those of the above-mentioned preferred embodiments. 

[0090] Although the resist solution serving as the process 
ing solution is fed to the substrate in the above-mentioned 
preferred embodiments, the present invention may be 
applied to the feed of other solutions or liquids for use in 
substrate processing, such as various liquid chemicals and 
rinsing liquid. 
[0091] While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modi?ca 
tions and variations can be devised Without departing from 
the scope of the invention. 

What is claimed is: 
1. A substrate processing apparatus comprising: 

a holding table for holding a substrate; 

a bridging structure to Which a slit noZZle for discharging 
a predetermined processing solution is attached, said 
bridging structure being provided to span across a 
surface of said holding table; and 

a moving mechanism for moving said bridging structure 
along a surface of the substrate held by said holding 
table, 

said slit noZZle including a liquid feeding element for 
feeding said processing solution in a predetermined 
direction by using a Wave phenomenon, 

Wherein While said bridging structure is moved along the 
surface of said substrate, said slit noZZle scans the 
surface of said substrate to form a layer of said pro 
cessing solution on the surface of said substrate. 

2. The substrate processing apparatus according to claim 
1, Wherein 

said liquid feeding element is provided near a slit in said 
slit noZZle. 

3. The substrate processing apparatus according to claim 
1, further comprising 

a How rate control element for controlling the How rate of 
said processing solution fed in said predetermined 
direction by said liquid feeding element. 

4. The substrate processing apparatus according to claim 
3, Wherein 

said How rate control element controls the How rate of 
said processing solution individually in each of a 
plurality of positions along a slit in said slit noZZle. 

5. The substrate processing apparatus according to claim 
1, Wherein 

said liquid feeding element includes a pieZoelectric device 
and a ?eXible object, and said pieZoelectric device 
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deforms said ?exible object into a Wave-shaped con 
?guration Whereby said liquid feeding element feeds 
said processing solution in said predetermined direc 
tion. 

6. The substrate processing apparatus according to claim 
1, Wherein 

said liquid feeding element includes a magnetostrictor and 
a ?exible object, and said magnetostrictor deforms said 
?exible object into a Wave-shaped con?guration 
Whereby said liquid feeding element feeds said pro 
cessing solution in said predetermined direction. 

7. The substrate processing apparatus according to claim 
1, Wherein 

said liquid feeding element includes a surface acoustic 
Wave generating device, and said surface acoustic Wave 
generating device feeds said processing solution in said 
predetermined direction. 

8. The substrate processing apparatus according to claim 
7, Wherein 

said liquid feeding element constitutes a gap de?ning 
surface of said slit noZZle. 

9. The substrate processing apparatus according to claim 
7, Wherein 

said liquid feeding element is supported in a gap in said 
slit noZZle by a support member. 

10. A slit noZZle comprising: 

a liquid feeding element for feeding a predetermined 
processing solution in a predetermined direction by 
using a Wave phenomenon; and 

a slit for discharging said processing solution there 
through, thereby forming a layer of said processing 
solution on a surface of a substrate. 

11. The slit noZZle according to claim 10, Wherein 

said liquid feeding element is provided near said slit. 
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12. The slit noZZle according to claim 10, further com 
prising 

a ?oW rate control element for controlling the ?oW rate of 
said processing solution fed in said predetermined 
direction by said liquid feeding element. 

13. The slit noZZle according to claim 12, Wherein 

said ?oW rate control element controls the ?oW rate of 
said processing solution individually in each of a 
plurality of positions along said slit. 

14. The slit noZZle according to claim 10, Wherein 

said liquid feeding element includes a pieZoelectric device 
and a ?exible object, and said pieZoelectric device 
deforms said ?exible object into a Wave-shaped con 
?guration Whereby said liquid feeding element feeds 
said processing solution in said predetermined direc 
tion. 

15. The slit noZZle according to claim 10, Wherein 

said liquid feeding element includes a magnetostrictor and 
a ?exible object, and said magnetostrictor deforms said 
?exible object into a Wave-shaped con?guration 
Whereby said liquid feeding element feeds said pro 
cessing solution in said predetermined direction. 

16. The slit noZZle according to claim 10, Wherein 

said liquid feeding element includes a surface acoustic 
Wave generating device, and said surface acoustic Wave 
generating device feeds said processing solution in said 
predetermined direction. 

17. The slit noZZle according to claim 16, Wherein 

said surface acoustic Wave generating element constitutes 
a gap de?ning surface of said slit noZZle. 

18. The slit noZZle according to claim 16, Wherein 

said surface acoustic Wave generating element is sup 
ported in a gap in said slit noZZle by a support member. 

* * * * * 


